Introduction
Unilateral cerebral palsy (CP) is characterized by motor impairments on one side of the body, and the hand impairments in particular contribute to functional limitations. Current rehabilitation efforts predominantly aim to improve bimanual performance, but this requires valid and reliable performance-based instruments for evaluating the hand function of people of different ages with unilateral CP.
The Assisting Hand Assessment (AHA), which was introduced in 2003, has proved to be a valid performance-based instrument for children with CP. The AHA measures and describes how effectively children with unilateral disability use their affected hand to perform tasks requiring the use of both hands. This is in contrast to other tests in which people are asked to specifically use the affected hand, so that their best performance with that hand can be assessed. The AHA has been validated for children with unilateral CP aged 18 months to 12 years (Kids-AHA) and is sufficiently sensitive to monitor changes over time. [1] [2] [3] [4] The AHA is often used to monitor the effect of interventions such as modified constraintinduced movement therapy, 4, 5 botulinum neurotoxin injections, 6 hand and arm bimanual intensive training, 7 hand orthosis, 8 and hand surgery. 9 There is currently no instrument specifically designed to assess how adolescents use the affected hand in bimanual activities. The Melbourne Assessment 2 and Shriners Hospital for Children Upper Extremity Evaluation (SHUEE) predominantly assess capacity, and the person-centered questionnaire ABILHAND-kids assesses perceived performance. [10] [11] [12] Therefore there is no test of bimanual hand use that can be used with both children and adolescents. Such an instrument would provide a unique opportunity to monitor development of hand use from childhood to young adulthood, and to evaluate effects of intervention at different age groups using the same scale. The Kids-AHA has proved its merits both in clinical practice and in research involving children with unilateral CP; the logical next step would be to expand the AHA for use in adolescents aged 13 to 18 years. Because the Kids-AHA play session is not appealing to adolescents -due to its somewhat 'childish' game objective, instructions, and objects used -a new test activity needs to be developed, involving a sequence of different bimanual actions that form a recognizable activity, to be able to observe and rate object-related actions of the affected hand. It is important that the test activity is appealing so that participants become engaged in the activity and will naturally adopt their habitual performance.
The aims of this study were (1) to develop a test activity from which bimanual performance in adolescents with unilateral CP can be observed, and to evaluate the validity of the content of this new activity, and (2) to determine whether the Kids-AHA scoring criteria can be used for children/adolescents aged 18 months to 18 years, by evaluating the construct validity of the AHA over this age range.
Methods
The study consisted of two phases: (1) develop a test activity for adolescents and evaluating the validity of the content of this new activity; (2) assess the construct validity of the AHA test items for the age range 18 months to 18 years.
Development of the new test activity
On the basis of experience gained with the successful use of the Kids-AHA play session and board games, as well as the toys and play session of the Mini-AHA for children 8 to 18 months, 13 we considered that the new activity should meet the following requirements. It should: (1) involve a sequence of bimanual actions or tasks that form a meaningful activity;
(2) be semi-structured allowing therapist interaction to help tasks proceed if needed and to make it fun and engaging to elicit typical/habitual performance; (3) include objects that require bimanual handling and are age appropriate and familiar to most adolescents; (4) allow the observation of different aspects and levels of ability of bimanual performance; and (5) enable scoring of the AHA test items. For clinical practice, the activity should take approximately 15 minutes to complete and allow the same standardized video recording settings as the Kids-AHA activities, thereby allowing assessment in different settings.
Participants and recruitment
To evaluate the content of the new activity, two groups of adolescents were recruited (phase I). One group consisted of 10 typically developing adolescents, who were recruited through colleagues and friends. The other group consisted of 20 adolescents with unilateral CP who were recruited from the Department of Rehabilitation, Academic Medical Centre, Amsterdam, the Netherlands. The 20 adolescents with unilateral CP included 10 adolescents with moderately limited hand function who could use their affected hand for grasping and holding objects, but without individual finger movements, and 10 adolescents with severely limited hand function, who could not grasp or hold objects voluntarily with their affected hand. 14 To evaluate the scale construct of the AHA for the age range 18 months to 18 years (phase II), a convenience sample of 126 participants (71 males, 55 females) aged 10 to 18 years was recruited from outpatient rehabilitation clinics and special schools in the Netherlands, Australia, and Sweden. Inclusion criteria were children and adolescents diagnosed with unilateral CP, with any severity level of affected hand function. Data for the adolescent assessments were added to those for the 164 assessments of 157 children (102 males, 55 females) who participated in the validation of the Kids-AHA version 5.0. 15 Demographic characteristics are presented in Table I . 
Procedure and statistical analysis
To evaluate whether the test activity prompted the use of both hands (phase I), adolescents with and without unilateral CP played the new board game. Each session was videotaped and the use of both hands was scored as does or does not for the 19 subtasks of the game. The hypothesis was that typically developing adolescents would perform all actions bimanually. Adolescents with unilateral CP who could not grasp or hold objects with their affected hand were expected to perform the fewest bimanual actions. Descriptive data were analysed using Statistical Package for the Social Sciences (SPSS version 21.0; SPSS, Inc., Chicago, IL, USA).
To evaluate the construct validity of the AHA test items for the age range 18 months to 18 years (phase II), all 126 assessments of adolescents were scored using the Kids-AHA version 5.0 scoring criteria containing 20 items, each scored on a 4-point rating scale. 15 The adolescents and a combined sample of adolescents and children (n=290 assessments) were analysed with the Rasch model analysis using Winsteps version 3.80.1 software (Linacre JM, Beaverton, OR, USA). 16 Since all AHA test items have four response options, the polytomous rating scale Rasch model was used. A two-faceted (item and person) Rasch partial credit model was chosen because the metric distance between the thresholds separating rating scale categories are not the same across all 20 AHA items.
A stepwise procedure was used to investigate the construct validity of the AHA scale for the age range 18 months to 18 years, starting with investigating any existence of disordered thresholds between categories, which would indicate a malfunctioning rating scale. 16, 17 Then item and person fit to the Rasch model assertions was evaluated. 18 Criteria for item misfit and removal were infit mean-square (MnSq) ≥1.4, 19 accompanied by Zstdvalue ≥2. 20 Ninety-five per cent of the items and individual data should demonstrate acceptable goodness-of-fit values. The point measure correlation reflects how well the responses represent the item ability estimate. A value of 0.6 or more represents a good correlation. 16 A fundamental requirement of the Rasch model is that the scale has to measure a single construct only. Therefore, principal component analysis of the residuals was performed, and unidimensionality was confirmed if the first dimension (the AHA measures) explained at least 60% of the total variance, and if the second largest dimension explained less than 5% of the remaining variance of residuals. 16, 21, 22 28
The Rasch model provides an indication of the match between the item difficulty and the ability of the individuals in the sample. A well-targeted scale (not too easy, not too hard) would have a person ability mean score of about zero. 17 To further determine how sensitive the test is in identifying a person's ability, the person-separation index was investigated. A person-separation index >2 and a reliability coefficient >0.80 indicates a high person reliability and that the test can distinguish between high and low performers. 22, 23 The number of different levels of ability (strata) can be calculated using the following formula: (4xperson-separation index+1)/3. 23 Three to four strata is considered good, and more than 5 is excellent. 22 The AHA scale consists of easier and more difficult items. To assess whether the hierarchy of item difficulty remained the same (invariant) across our two age groups (children and adolescents), differential item functioning (DIF) was evaluated using the Mantel-Haenszel statistic for polytomous scales. A test item is considered to show DIF when individuals of equal ability, but from different groups, have an unequal probability of item success, which will result in a different hierarchy of items. According to our sample sizes (164 and 126 respectively), we set our criteria for a significant 'moderate DIF' absolute value of Mantel-Haenszel DIF between 1.0 and 1.5 logits and a 'large DIF' absolute value ≥1.5 logits with the X 2 test of significance at the 0.05 level. 24, 25 To evaluate whether the same AHA scale can be used for both age groups, differential test functioning was performed to determine whether any identified DIF had a substantial impact. This was done by plotting the adolescents' ability measures on the basis of the item difficulty calibrations of the children against the adolescents' ability measures on the basis of their own item difficulty calibrations. The scale measures expressed in logits were transformed to a more user-friendly 0 to 100 scale (AHA-units). 26 There is no evidence of differential test functioning if the line of the paired ability measures is close to the identity line, within a 95% confidence interval. 27
Ethics
For participating centres in the Netherlands, the Medical Ethics Committee of the Academic Medical Centre, Amsterdam, waived the need for ethical approval. For participating centres in Sweden and Australia, ethical approval for this study was granted by the respective institutional review board. All participants (>12y) and their primary caregivers gave informed consent, in compliance with research regulations and policies of the participating centres.
Results

Phase I: content validity
The new test activity for adolescents, the Ad-AHA board game 'Go with the Floe', consists of 25 specific objects that are presented in an attractive box. The objects require bimanual handling, for example reaching for and opening the game box, shuffling the cards, opening the pencil case, and cutting paper. The game is played according to rules and instructions printed on playing cards, and takes about 15 minutes. The adolescent is videotaped playing the game, to enable evaluation of their bimanual performance (while setting up, playing, and keeping count of the game). The administration procedure, therapist instructions, and interactions are similar to that of the original AHA, except that a larger table is used to allow observation of the adolescent's reaching ability. Table II shows the number of bimanual actions performed when playing the 19 subtasks of the board game. All typically developing adolescents used both hands to perform the 19 subtasks. As expected, the proportion of the relatively able participants who used both hands was higher than that for the less able participants (96.8% vs 57.9%). The game could be played in a clinical setting, and the adolescents found it enjoyable. The average time taken to complete the test was 17 minutes (SD 3.5).
Phase II: construct validity
The AHA scale for the age range 10 to 18 years functioned as an unidimensional measure and met all criteria, 22 and therefore the combined sample of 290 assessments of adolescents and children was analysed as described below.
The rating scale functioned consistently across the 20 AHA 5.0 items and the average threshold calibrations were all ordered and increased monotonically. All items but one ('Orients objects') demonstrated acceptable goodness-of-fit to the Rasch model (95%). The point measure correlation for all 20 items was higher than 0.6 (range 0.73-0.90) (Table III) Visual inspection of the person-item map (Fig. 1 ) indicated that AHA items were well distributed in the sample and generally appropriate for children and adolescents with unilateral CP, with no substantial gaps in person-item targeting, as confirmed by the mean ability score (0.9 logits) and the mean standard error (0.23 logits). None of the participants attained the minimum score and three participants (1%) attained the maximum score. The person separation index score was 6.30, indicating that the AHA can distinguish 8.7 strata. Thus there were nine levels of ability in this sample, showing a high person reliability (0.98).
Table II. Number of bimanual actions performed when playing the 19 sub-tasks of the board game
Ability levels were as follows; a Typically developing adolescents, b Adolescents with unilateral CP who could use their affected hand for grasping and holding objects without individual finger movements. c Adolescents with unilateral CP who could not grasp or hold objects with their affected hand but typically stabilizes objects by weight or support.
Persons performing actions bimanually
Actions required playing the board game Reaching the game box 10 10 1
Opening the game box 10 10 5
Opening the game board 10 9 4
Opening plastic box 10 9 6
Tearing cello tape 10 10 6
Handling lock and key 10 10 7
Getting ice floes (game tokens) from stick 10 10 6
Handling plastic bag with marbles 10 10 5
Removing lid from bottle 10 10 6
Handling the stopwatch 10 9 6
Winding up the timer 10 10 6
Shuffling and handling the cards 10 9 6
Getting marble out of the bottle 10 10 6
Putting an ice floe back on the stick 10 10 7
Getting score form out of plastic sleeve 10 10 7
Opening the pencil case 10 10 7
Opening the marker 10 9 5
Cutting a paper 10 10 7
Handling the folder/envelop 10 9 7
Total Two items demonstrated a large DIF between age groups ('Orients objects', 'Moves fingers') and five a moderate DIF ('Coordinates', 'Readjusts grasp', 'Manipulates', 'Moves forearm' and 'Stabilises by weight or support'). Thus, a difference in item difficulty order was found between children and adolescents. In adolescents, four items ('Readjusts grasp', 'Orients objects', 'Manipulates', and 'Stabilises by weight or support') were easier and three items ('Coordinates', 'Moves fingers', and 'Moves forearm') were more difficult than for children with the same level of ability. The scatter plot for differential test functioning (Fig. 2) shows how well the test functioned in adolescents and children. The similarity of the measures of ability in children and adolescents means that any significant DIF had no impact on AHA 5.0 measurements; thus the scale can be used over the entire age range 18 months to 18 years. 
Discussion
This study provides evidence that the new test activity, the Ad-AHA board game, elicits the use of both hands, thus allowing observation of how adolescents actually use their affected hand to perform bimanual activities. The test activity was appropriate for 13-to 18-year-olds and the scale showed good construct validity within the whole age range of 18 months to 18 years. This means that the same AHA scoring criteria can be used both for children and for adolescents with unilateral CP. The new board game involves a sequence of bimanual actions. Because players become engrossed in the game, it elicits spontaneous performance, as opposed to other tests that measure capacity. The therapist is allowed to interact and assist to help the tasks proceed if needed, which makes the game enjoyable for the adolescent and manageable regardless of severity of impairment.
The total sample of 290 assessments was large enough for Rasch analysis to yield reliable item calibrations and for measurements to be stable. Owing to its high person separation, the AHA scale can distinguish nine levels of effectiveness of affected hand use in children and adolescents with unilateral CP. The scale is, therefore, likely to be responsive to change. This provides strong evidence for construct validity and scale reliability. Only one item, 'Orients objects', did not demonstrate acceptable goodness-of-fit statistics and could be omitted. However, 95% of the items fitted well and this item was considered to be clinically important, providing relevant information about the ability of a person to make the overall bimanual actions smoothly and effectively. 'Orients objects' was easier to perform for adolescents than for children, as illustrated by a large DIF. This may be the reason for the misfit.
A key advantage of using Rasch analysis is the item-and person-map. It provides information about item and person hierarchy. In clinical practice, the ability of a person to use their affected hand can be matched to the difficulty of an item and can guide intervention planning. DIF analyses showed a difference in item hierarchy between children and adolescents. However, differential test functioning showed that any significant DIF had no impact on AHA 5.0 measurements. Thus the AHA scale can be used over the entire age range of 18 months to 18 years, but there is a need for two different item hierarchies, one for children and one for adolescents, when interpreting outcomes and planning treatment.
A possible limitation is that our sample of adolescents with unilateral CP might have differed from the total population of adolescents with unilateral CP. All adolescents in this study were recruited from rehabilitation departments / centres and were receiving therapy. Their hand function might have differed from adolescents with unilateral CP not receiving therapy. However, a large ability range was covered within the scale, from persons receiving a maximum score having no or minimal signs of affected hand function, to persons receiving a close to minimum score, actually not using the hand at all. Thus the scale appears to be appropriate for all ability levels.
Although this study demonstrated the validity of the new activity, the Ad-AHA board game, future research should focus on other test characteristics, such as test-retest and rater reliability. Because the activities used in the AHA depend on the age of the person performing the test, it may be necessary to determine the alternative-form reliability of different test activities (e.g. Ad-AHA board game vs School-kids AHA), especially when participants are of the transition age between two different test activities. Test-retest data will also allow calculation of the smallest detectable change, which reflects the variation in scores due to measurement error.
The ability to use the AHA for individuals aged from 18 months to 18 years provides a unique possibility to monitor the development of hand use from toddler into adulthood, using the same scale. This would allow evaluation of the effectiveness of interventions at different ages as well as change over time. We propose that the AHA now be called the Assisting Hand Assessment 18-18 (AHA 18-18), because it includes the Kids-AHA versions (the Small-Kids AHA for 18mo-5y and the School-Kids AHA for 6-12y), as well as an adolescent version, the Ad-AHA for 13 to 18 years. The only difference between the age versions is the choice of test activity for observing bimanual performance. The use of an age-appropriate and engaging activity is essential for eliciting typical bimanual performance as opposed to unilateral capacity. The great advantage of all these versions is that the same scoring criteria can be used. 15 
Conclusions
The new test activity, the Ad-AHA board game 'Go with the Floe' has proved to be valid and can be used in clinical practice to elicit actual bimanual performance in adolescents with unilateral CP. In addition, the same AHA scoring criteria can be used both for children and for adolescents to measure how effectively the affected hand is used in bimanual performance. The AHA 18-18 covers the whole age range from 18 months to 18 years and is a valid performance-based instrument to monitor development from childhood to young adulthood, evaluate interventions, and guide intervention planning.
